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Summary
Background—Cough may be a manifestation of gastro-esophageal reflux disease (GERD). The
utility of acid suppression in GERD-related cough is uncertain.
Aim—To assess the impact of high-dose acid suppression with proton pump inhibitors (PPI) on
chronic cough in subjects with rare or no heartburn.
Methods—Subjects were non-smokers without history of asthma, with chronic cough for > 8
weeks. All subjects underwent a baseline 24 hr pH/impedance study, methacholine challenge test
(MCT), and laryngoscopy. Subjects were randomized to either 40 mg of esomeprazole twice daily
or placebo for 12 weeks. The primary outcome measure was the Cough-Specific Quality of Life
Questionnaire (CQLQ). Secondary outcomes were response on Fisman Cough Severity/Frequency
scores, and change in laryngeal findings.
Results—40 subjects were randomized (22 PPI, 18 placebo) and completed the study. There was
no difference between PPI and placebo in CQLQ (mean improvement 9.8, vs. 5.9 in placebo, p =
0.3), or Fisman Cough Severity/Frequency scores. The proportion of patients who improved by >1
standard deviation on the CQLQ was 27.8% (5/18) and 31.8% (7/22) in the placebo and PPI
groups respectively.
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Conclusions—In subjects with chronic cough and rare or no heartburn, high-dose PPI did not
improve cough-related quality of life or symptoms in this randomized controlled trial.
Keywords
Cough; Gastroesophageal Reflux Disease; Proton Pump Inhibitors; Randomized Controlled Trial;
GERD-related cough
Introduction
Chronic cough is a common symptom that affects 8–12% of adults (1–5). Patients with
chronic cough have impaired quality of life and increased healthcare utilization (6,7).
Gastroesophageal reflux disease (GERD) is thought to be a common cause of chronic cough,
which may be responsible for 20–40% of cases (8–13).
The most efficacious treatment for GERD-related cough is unclear. Because double-standard
dose proton pump inhibitor (PPI) therapy has been used to treat asthma related to GERD
(14–18), it has been suggested that similar treatment may be needed for GERD-related
cough (17). Although the relationship between GERD and cough is widely accepted, the
evidence to substantiate the effectiveness of PPI therapy for GERD-related cough is weak.
Previous prospective studies of the role of PPIs in GERD-related cough have yielded
equivocal results. Two small randomized controlled trials (n=17 and 29) suggested that PPI
therapy may improve cough symptoms, but validated outcome measures were not used, and
treatment effects were modest and lacked precision (19,20). Furthermore, because positive
pH tests were required for entry into these trials and pH impedance testing was not
performed, the role of PPI therapy in persons with negative pH testing (who may have
weakly acidic or non-acid reflux as a cause of cough) is uncertain.
Despite the paucity of confirmatory clinical trial data, societal guidelines recommend an
empiric PPI trial for suspected GERD-related cough (21,22). However, a recent Cochrane
analysis found “insufficient evidence” to conclude that PPI therapy is universally beneficial
for GERD-related cough(23), and a second meta-analysis on this topic concluded that
randomized controlled trials using valid cough outcomes were needed to justify international
guidelines.(24) Because of these uncertainties, we sought to assess the efficacy of empiric
PPI therapy in persons with chronic cough.
Methods
Study Design and Overview
We conducted a randomized, double-blind, placebo-controlled trial of subjects with chronic
cough of unknown etiology and minimal or no heartburn symptoms. After initial eligibility
screening, all consenting participants entered a 7-day run-in period, during which all
subjects took a placebo pill twice a day, for the purpose of ensuring compliance with study
medication and assessment of cough severity under baseline conditions. Participants who
took >90% of medication during the run-in period and met cough severity criteria (see
below) completed 3 baseline cough-specific instruments (the Cough-Specific Quality of Life
Questionnaire (CQLQ) and the Fisman Cough Severity and Frequency Scores), and an
assessment of gastrointestinal symptom severity and frequency (the Gastroesophageal
Reflux Disease Symptom Assessment Score (GSAS)). Subjects also underwent a
methacholine challenge test, a 24-hour esophageal pH/impedance study, and indirect
laryngoscopy. Participants were then randomized in a blinded fashion to either treatment
with esomeprazole 40 mg twice daily or placebo, stratified by pH study results (high vs. low
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esophageal acid exposure). After 12 weeks of treatment, subjects repeated the CQLQ,
Fisman Cough Severity and Frequency Scores, and indirect laryngoscopy.
Study Subjects
Potential subjects were males and females between the ages of 18 and 70 who were able to
speak English, had chronic cough of > 8 weeks in duration, with symptom severity criteria
of 2 or greater on the Fisman Cough Severity Questionnaire and 3 or greater or the Fisman
Cough Frequency Questionnaire. Because post-nasal drip is a common cause of chronic
cough, subjects were required to have failed a trial of post-nasal drip therapy (e.g. intranasal
steroids). Subjects were excluded from the study if they had an abnormal chest x-ray,
reported heartburn symptoms greater than two times per month, had failed to respond to past
PPI therapy of ≥12 weeks duration, had previous surgical or endoscopic antireflux
procedure, had a previous aerodigestive malignancy or Barrett’s esophagus, were current
smokers or ex-smokers (defined as those who quit smoking < 3 months prior to study
enrollment or those who have quit, but have a ≥20 pack year smoking history), had an upper
respiratory infection within 8 weeks of study enrollment, or who were currently using a PPI,
H2 blocker, beta-blocker, angiotensin-converting enzyme inhibitor, corticosteroid,
methylxanthine, inhaled beta-agonist, anti-inflammatory agent, or anticholinesterase drug at
time of enrollment.
All subjects provided informed consent for participation. This study protocol was approved
by the Institutional Review Board at the University of North Carolina. This trial was
registered in the ClinicalTrials.gov registry (number NCT00287339).
Study Setting
Potential subjects were recruited from the Otolaryngology/Head and Neck Surgery,
Pulmonary Medicine, and Gastroenterology outpatient clinics at the University of North
Carolina Hospitals in Chapel Hill, North Carolina, as well as through recruitment
advertisements. Methacholine challenge tests (MCT) were performed in the Pulmonary
Medicine Clinic, indirect fiberoptic laryngoscopy procedures were performed in the
Otolaryngology/Head and Neck Surgery clinic, and the ambulatory 24 hour pH/impedance
studies were performed by the Gastroenterology Motility laboratory, all at the University of
North Carolina.
Study Intervention
Upon successful completion of the run-in period, participants were randomized to receive
either esomeprazole at a dose of 40 mg or placebo twice daily for 12 weeks. All participants
were instructed to take their study medication 30 minutes before breakfast and 30 minutes
before dinner. Esomeprazole was supplied by the investigational pharmacy at the University
of North Carolina as blue capsules without identifying features. Placebo was identically
packaged and supplied.
Study Measures and Procedures
Cough-Specific Quality of Life Questionnaire—The CQLQ is a validated, 28-item
assessment tool designed specifically to evaluate decrements in disease-targeted quality of
life due to chronic cough. This questionnaire measures cough-related symptoms, as well as
the social implications and psychological impact of chronic cough. Examples of items on the
CQLQ include, “I cannot sleep at night” and “I cough and it makes me retch.” The final
score is obtained by summing the responses to 28 cough-specific questions, each scored on a
1–4 scale, where 1 is “strongly disagree,” and 4 is “strongly agree.” The minimum and
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maximum CQLQ scores are 28 and 112 respectively, with increasing score indicating more
severe impairment.
Fisman Cough Severity/Cough Frequency Scores—The Fisman Cough Severity
Score is a validated scale that is scored from 0–4, where 0 is no cough, 4 is strenuous cough
with chest discomfort. The Fisman Cough Frequency Score is a validated visual analog
scale, scored from 1–10, where 1 = “I never cough,” and 10 = “I cough all day long.” Both
measures were designed for use in clinical trials of cough (25).
Gastroesophageal Reflux Disease Symptom Assessment Scale—The
Gastroesophageal Reflux Disease Symptom Assessment Scale (GSAS) is a validated
symptom scale for use in patients with GERD (26). The GSAS has been used previously in
other clinical trials of GERD treatment (27,28). The GSAS includes 4 scales: number of
symptoms, frequency of symptoms, severity and bother/distress. The GSAS score ranges
from 0 to 4 with higher values associated with greater frequency or severity. As the severity
and distress scores are highly correlated (r = 0.95)(26), only the distress score was used for
this trial.
Methacholine Challenge Test—In order to evaluate for the presence of reactive airways
disease, MCT were performed. Tests were performed using disposable single-use
Provocholine® kits with methacholine chloride powder for inhalation, according to standard
protocol (29). Results of MCT were classified as either positive or negative using
established definitions (30).
Esophageal pH/impedance testing—Each participant underwent 24 hour ambulatory
esophageal pH/impedance monitoring off all acid-suppressing medications using the
Sleuth® monitoring system (Sandhill Scientific, Highlands Ranch, CO) and standard
technique (31–34). Results of pH testing were scored based on the DeMeester scoring
system (35). A score of greater than 14.7 was categorized as “high distal esophageal acid”
and a score of 14.7 or less was classified as “low distal esophageal acid”. These categories
were used to stratify participants prior to randomization. Other results of pH/impedance
testing included 1) number of proximal and distal reflux episodes (both acidic and non-
acidic), 2) patient-reported coughs during study, 3) number of coughs with corresponding
acid or non-acid reflux events, and 4) cough symptom index. The cough symptom index was
calculated as: (number of reflux-related coughs/total coughs) × 100%, and both acid and
non-acid reflux-related coughs were included in the numerator. The cough symptom index
was considered positive if it was ≥ 50%. Non-acid reflux was defined as an impedance
reflux episode with pH >4
Indirect laryngoscopy and the Reflux Finding Score—Fiberoptic indirect
laryngoscopy was performed at baseline and at the end of study by an experienced
otolaryngologist masked to patient assignment. Each laryngoscopy was scored using the
Reflux Finding Score (RFS). The RFS is a validated 8-item measure to assess laryngoscopy
findings associated with reflux-related cough (36). This scoring system is designed to detect
findings of laryngopharyngeal reflux (37). A score of 7 or more on the RFS is consistent
with laryngopharyngeal reflux (36).
Study Outcomes
The primary outcome of this trial was change in CQLQ, comparing PPI-treated subjects to
placebo. Secondary outcomes were change in Fisman Cough Severity and Frequency
Scores, and change in RFS, comparing PPI-treated subjects to placebo.
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Sub-analyses were planned a priori to assess whether there was a treatment effect in 1)
participants with high esophageal acid exposure; 2) participants reporting any heartburn on
GSAS at study enrollment; 3) participants with a negative MCT (indicating absence of
detectable airway reactivity) and 4) participants with a RFS greater than 7, suggesting
laryngopharyngeal reflux.
Randomization and blinding
Randomization was performed using a computerized random number generator with a
permuted blocks scheme. We used a stratified randomization technique, based on results of
pH testing (DeMeester score <14.7 vs. ≥14.7). Independent pharmacists within the
investigational drug pharmacy at the University of North Carolina dispensed either
esomeprazole or placebo according to the randomization code. All study personnel and
participants were blinded to treatment allocation for the duration of the study. Interpreters of
study tests (MCT, pH-impedance testing, indirect laryngoscopy) and the study statistician
were also blinded to treatment assignment.
Statistical analysis
Sample size calculations were based on the primary outcome measure, the CQLQ. This
questionnaire has a reported mean score of 69.4 and a standard deviation of 12.9 in persons
with chronic cough from a variety of causes. Thirty-two subjects were necessary to achieve
80% power (at α=0.05) to detect a change of one standard deviation in CQLQ score. A total
sample size of 40 was planned in order to accommodate potential dropouts. This enrollment
was expected to give the study power to detect even modest improvements in disease-
specific quality of life.
To compare the two treatment groups with respect to the primary outcome (CQLQ score
difference from baseline to end of study), 2 sample t-tests of differences were used. To
compare the two treatment groups with respect to the secondary outcomes of Fisman Cough
Severity Score, Fisman Cough Frequency Score, and Reflux Finding Score, 2 sample t-tests
of differences were used. To evaluate treatment response within groups (i.e. change from
baseline to end of study), paired t-tests were used. Use of Wilcoxon Rank-Sum tests and
Wilcoxon Signed-Rank tests were performed in the case of non-normally distributed data.
All analyses were intention to treat. Statistical analyses were performed using SAS (Cary,
NC) and STATA version 10.0 (College Station, TX) by 2 of the authors (SDC and JAG).
Results
Flow of participants
One hundred and sixty-eight subjects were assessed for eligibility. Forty subjects were
randomized (22 PPI, 18 placebo), and all 40 completed the trial. One subject completed
study treatment and all study questionnaires, but did not complete the final laryngoscopy
(Figure 1). The first participant was randomized on 10/24/2006, and the last participant
completed the study on 10/7/2008. Overall adherence to study therapy as measured by pill
counts throughout the study was 93%.
Baseline demographics and scores
The mean age of participants was 50 years (SD 11.7) and 78% were female. Positive MCT
were present in 33% of subjects (Table 1). Baseline scores on the CQLQ, Fisman Cough
Severity and Cough Frequency, RFS, and GSAS were similar between groups.
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The mean DeMeester score was 15.0 (SD 17.1), and 17/40 (43%) of subjects had a positive
pH test as defined by a DeMeester score of 14.7 or greater. There were an average of 26
patient-reported coughs during each 24 hour pH study, and the mean number of coughs
related to acid and non-acid reflux events were 4.3 and 1.9 respectively (Table 2). A total of
23 participants had at least 1 non-acid reflux event related to cough. The mean cough
symptom index was 26%, and 7 subjects had a cough symptom index ≥ 50% (indicating that
at least 50% of coughs were preceded by an impedance-detected reflux event).
Primary and secondary outcomes
Although subjects in both the PPI and placebo arm experienced significant improvement in
CQLQ over baseline scores, subjects in the PPI arm did not show a greater improvement in
CQLQ scores compared to placebo (mean improvement 9.8 in the PPI group, vs. 5.9 in the
placebo group, p = 0.3) (Figure 2, Table 3). Using the benchmark of a change of 1 SD in the
CQOL as a clinically-relevant change, there were 12 subjects who had a CQOL change
≥12.9 in the study including 5/18 (27.8%) subjects in the placebo arm, and 7/22 (31.8%)
subjects in the PPI arm. Similarly, the mean changes in Fisman Cough Severity or
Frequency scores were not significantly different between PPI and placebo (Severity: 1.0 vs.
0.8, p = 0.7; Frequency: 3.2 vs. 2.3, p = 0.3). The change in RFS was also similar for PPI
and placebo groups (0.6 vs. 0.1, p = 0.5, table 3).
Subgroup analyses
When only subjects with a positive pH study were considered, scores on the CQLQ were not
significantly improved on PPI therapy (mean change of 11.1 for PPI vs. 4.7 for placebo, p =
0.2), nor were changes in Cough Severity or Frequency scores (Severity: 1.1 vs. 0.6, p = 0.4;
Frequency: 3.4 vs. 3.7, p = 0.8) (Table 4). Similarly, change in CQLQ scores or Cough
Severity and Cough Frequency scores did not differ significantly between treatment groups
when stratified by MCT results, RFS results, or by presence or absence of heartburn at study
baseline (data not shown).
Adverse events
There were no serious adverse events, and no one was withdrawn from the study for safety.
Discussion
In this study, high dose PPI therapy for 12 weeks in persons with chronic cough and
minimal or no reflux symptoms did not improve symptoms or health-related quality of life.
Similarly, amongst those with positive pH tests, and those with a negative methacholine
challenge test (indicating an absence of airway reactivity) there was also no difference
between active treatment and placebo with respect to quality of life or cough severity or
frequency.
The question we sought to answer was whether it was worthwhile to consider empiric
therapy with high dose acid suppression for a subject presenting with chronic cough and no
obvious etiologic source. While subjects with frequent heartburn would likely merit an
empirical trial of PPI therapy regardless of cough, it is less clear whether PPIs should be
used to address subjects in whom cough is the predominant complaint, and heartburn rare or
absent. Although we rigorously characterized our patients with laryngoscopy, MCT, and pH
studies, we used none of these tests as study exclusions, because we wished to replicate the
situation in the generalists’ office, where the results of such tests would not commonly be
available to the physician on initial evaluation. Additionally, we did not want to exclude
subjects who might benefit from PPI therapy with any one of the above tests, since there is
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no “gold standard” for the diagnosis of GERD-induced cough. Because pH studies were
originally normalized to detect disease in those with classic symptoms of GERD, subjects
with cough and a pH study showing low esophageal acid exposures might still have
adequate acid exposures to develop GERD-induced cough, and therefore could potentially
benefit from treatment.
Our findings are of particular interest in light of the recent trial demonstrating a lack of
efficacy of esomeprazole for the treatment of poorly controlled asthma, another possible
extra-esophageal manifestation of GERD (38). Our study had an analogous design to this
trial, and similarly did not demonstrate effectiveness of PPI therapy for a putative extra-
esophageal manifestation of reflux disease.
We included an evaluation of larygopharyngeal reflux via indirect laryngoscopy. Although
laryngoscopy has been reported to accurately detect extra-esophageal GERD, the
responsiveness of laryngoscopic reflux findings to GERD therapy is uncertain and previous
trials have reported conflicting results (39,40). We found that results of indirect
laryngoscopy did not change significantly despite PPI therapy, and that the RFS score did
not predict response to therapy, even in those subjects with an RFS score consistent with
probable laryngopharyngeal reflux.
The observed lack of effect of acid suppressive therapy to ameliorate symptoms of cough or
improve cough-specific quality of life may be due to several reasons. First, the role of
GERD in the generation of cough symptoms may be over-stated. It is well known that
chronic cough has multiple causes, and GERD-related cough may not be as common as
previously reported (13,41). Secondly, in those with multi-factorial cough, the relative
contribution of GERD may be less important, such that the overall symptom complex does
not change substantially in response to acid suppression. Thirdly, the lack of response may
be due to inadequate efficacy of the treatment; it may be that only small amounts of reflux
(or even non-acidic reflux) may be adequate to perpetuate chronic cough in some patients.
Finally, it may also point to the need for longer duration of therapy, as has been suggested
by other investigators (42). Regardless of the pathogenesis of the persistent symptoms, these
findings cast considerable doubt on the utility of an empiric trial of acid suppression in
chronic cough as is recommended by several treatment guidelines.
This study had several strengths. Rigorous outcome measurement was performed. We used
previously-derived and validated measures of cough-specific quality of life, and cough
severity and frequency. Patients were well-characterized in their pathophysiology. In
addition to combined pH/impedance testing on study entry, we also performed methacholine
challenge tests and pre- and post-treatment indirect laryngoscopy on each participant. The
intervention was also robust: 40 mg of esomeprazole twice daily. Given that <5% of subjects
with extra-esophageal GERD symptoms have abnormal pH studies when on twice daily PPI
(43), lack of efficacy is unlikely due to under-dosing of acid suppressive medication.
Patients were treated for 3 months, a period during which response to therapy has been
demonstrated for other extra-esophageal manifestations of GERD (15,18). Patient follow-up
was complete and compulsive. We observed excellent (>90%) compliance with study
medication throughout the trial.
This study was performed at a single center, and participants were mostly female and white,
which may limit generalizability, though African Americans represented nearly 18% of
participants. The study was planned with a power to detect a difference of 1 standard
deviation between groups with respect to the primary outcome, the CQLQ. Indeed, when
there were differences between groups, they were all <1 SD, a level not demonstrated to be
clinically meaningful (44). Furthermore, the SD of the CQLQ in this study (11.9) was
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similar to previous reports (6,44,45). However, because of the limited trial size, the number
of subjects in some patient subgroups was small, and the lack of statistically significant
differences between some subgroups may have been due to inadequate statistical power.
In conclusion, in subjects with chronic cough and minimal heartburn symptoms, high dose
PPI therapy for 12 weeks did not improve cough symptoms or cough-related quality of life.
This randomized double blind placebo-controlled trial adds to the growing body of evidence
that suggests that acid suppressive therapy may not substantially improve extra-esophageal
symptoms presumed secondary to reflux disease, and questions the common practice of an
empiric trial of acid-suppressive therapy in patients with chronic cough.
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CONSORT diagram of participants in a single center double blind, randomized controlled
trial of twice daily esomeprazole vs. placebo for the treatment of chronic cough
Shaheen et al. Page 11













Shaheen et al. Page 12














Change in Cough Specific Quality of Life Questionnaire score, the primary outcome, for PPI
and placebo groups. Bar graph of aggregate results is shown in (A), and scatter plot of
results for individual subjects in each study arm shown in (B) and (C). Large black
diamonds and black dotted lines represent mean for each group.
p values comparing baseline vs. end of treatment scores within each treatment group
obtained via paired t-tests, whereas p values obtained comparing mean change between
treatment groups obtained via 2 sample t-test of differences.
CQOL: Cough Specific Quality of Life score; PPI: proton pump inhibitor group
(intervention arm)
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Table 1
Baseline characteristics of the study population
Variable PPI (n=22) Placebo (n=18) p value*
Age (mean, SD) 49.5 (12.0) 51.0 (11.6) 0.7
Sex (n, %) 0.4
 Female 16 (73) 15 (83)
 Male 6 (27) 3 (17)
Race (n, %) 0.7
 Asian 1 (5) 0 (0)
 African American 4 (18) 3 (17)
 White 17 (77) 15 (83)
Positive MCT (n, %) 8 (36) 5 (28) 0.6
Positive pH study (n, %) 10 (45) 7 (39) 0.7
GSAS frequency score (median, IQR) 16.2 (7.5, 30.4) 14.3 (6.7, 52.5) 1.0
GSAS distress score (median, IQR) 1.3 (1.2, 2.0) 1.9 (1.4, 2.5) 0.07
CQLQ (mean, SD) 52.9 (12.0) 58.2 (11.8) 0.2
Cough Severity Score (mean, SD) 2.9 (0.8) 2.8 (0.7) 0.8
Cough Frequency Score (mean, SD) 6.2 (1.8) 6.8 (2.0) 0.3
Reflux Finding Score (mean, SD) 7.6 (2.2) 8.3 (2.6) 0.4
MCT: Methacholine challenge test; GSAS: Gastroesophageal reflux Severity Assessment Score; CQLQ: Cough Specific Quality of Life
Questionnaire
*
p values obtained via Student’s t-tests or rank sum tests for continuous variables, or chi-squared tests for categorical variables
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Table 2
24 hour esophageal pH testing and impedance pH testing results
Variable Mean (SD)(range)
DeMeester score* 15.0 (17.1) (1.2 – 69.1)
Number of proximal reflux episodes 13.5 (11.0) (1 – 41)
Number of distal reflux episodes 35.6 (19.5) (9 – 97)
Number of patient-reported coughs during study 26.3 (25.2) (1 – 115)
Number of acid-related coughs 4.3 (4.7) (0 – 17)
Number of non-acid related coughs 1.9 (2.5) (0 – 10)
Cough symptom index (%) 26.3 (20.4) (0 – 83)
*
Normal DeMeester score: <14.7
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